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Resumo 
  
  
Abstract: This improvement intends to expand the useful life of the cathodes of the CV-28’s ion source. The original 
cathodes had an average life of 8 hours for proton, deuteron, alpha and helium-3 particle acceleration, making a 
weekly replacement necessary. With the beginning of the commercial production of the 123I radiopharmaceutical, the 
reliability of the CV-28 had to be increased, so the cyclotron was optimized for 24-MeV proton acceleration. Within 
this framework, there was the idea of optimizing the cathodes for the exclusive acceleration of protons. The 
developed version is in use presently and has an average useful life of 300 hours. 
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Introduction 
 
The CV-281 cyclotron has a  penning2 
ionization gauge (PIG) type ion source composed 
basically of one anode and two cathodes, which 
wear out with normal use.   In 1975, the original 
cathodes (as seen in Figure 1) had an average 
useful life of 8 hours for proton, deuteron, alpha 
and helium-3 particle acceleration. According to 
the CV-28’s running schedule, the replacement of 
these cathodes could be performed on a weekly 
basis. To replace the cathodes it is necessary to 
remove the ion source from and to put it back 
inside the cyclotron chamber, which has a series of 
setbacks, such as: the risk of misalignment in the 
central region of the cyclotron; the long time 
interval required to recover the high vacuum inside 
the chamber; the contamination of the deflector 
with airborne impurity molecules and, last but not 
least, personnel exposure to high radiation doses.  
    In 1981, with an increasing CV-28 utilization, 
the first modification in the cathode’s design 
(Figure 1) was implemented, resulting in an 
enlargement of the useful life of the cathodes to 35 
hours approximately. 
    In 1998, just after the reform  of the cyclotron 
building, the CV-28 was optimized for 24-MeV 
proton beam acceleration, and the commercial 
production of the hyper pure  123I 
radiopharmaceutical (obtained via the 123Xe(p,n)123I  
reaction) was started at IEN. The 1981 cathode 
version continued in service, now for H+ production 
exclusively, and for this acceleration profile its 
useful life reached 70 hours.  
     In 2001, a new cathode version was developed 
for proton ion production, associated to a new 
manufacturing procedure, and due to the fact that 
this project was completely different from the 
original one, the cathode tip had to be altered, as 
also shown in Figure 1.  This new design extended 
the cathode’s useful life to circa 150 hours. 
     In 2004, with the possibility of the return of the 
production of alpha beams by the CV-28, a new 
design was developed with the purpose of making 
the cathodes more robust and durable. Significant 
changes in the anode design led to bigger cathodes 
with a more solid shaft, so that their tips had to be 
once again altered. 
 
 
 
Figure 1. Cathodes and tips 
 
Conclusion 
 
This new cathode version, allied to the ion 
source anode modifications, attained an average 
useful life of 300 hours for the production of 24-
MeV proton ions 
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